Crohn\'s disease (CD) is a chronic inflammatory bowel disease (IBD) of unknown etiology. Describing the epidemiology of IBD is important for appreciating the public health burden it causes and for planning appropriate health services for persons with IBD.\[[@ref1][@ref2]\] Moreover, careful descriptive epidemiological studies can offer clues to the etiology of these diseases.\[[@ref3]\]

The incidence of IBD varies greatly worldwide. Western European and North American countries have been traditionally considered high-incidence areas. During the last decade, an increasing incidence rate has been observed in eastern Europe and Asia.\[[@ref4][@ref5][@ref6]\] Although the data are still scarce, there is growing evidence that CD is being increasingly diagnosed in the Middle East.\[[@ref7][@ref8][@ref9][@ref10]\] Accurate classification of CD would be most helpful in this respect to allow an early assessment of the disease prognosis, thereby identifying and selecting patients for the most appropriate therapy according to the disease subtype.

Despite the increase in the incidence of CD observed among Saudis in recent years, there is very little data available about the characteristics of these patients as well as the course of the disease in Saudi Arabia.\[[@ref7][@ref11][@ref12]\]

The aim of this study was to determine the clinical epidemiology and phenotypic characteristics of CD in the central region of Saudi Arabia using the Saudi IBD registry.

PATIENTS AND METHODS {#sec1-1}
====================

The Saudi IBD epidemiology database {#sec2-1}
-----------------------------------

At the beginning of September 2009, the Inflammatory Bowel Disease Information System (IBDIS)\[[@ref13]\] was used to register all the IBD patients in one tertiary care center (King Khalid University Hospital), which was followed shortly by registration in three other centers in Riyadh, Saudi Arabia (Riyadh Military Hospital, Alhabeeb Medical Center, and Dallah Medical Center). IBDIS ([www.ibdis.net](www.ibdis.net)) is a web-based documentation system comprising nine blocks that cover numerous aspects of IBD-related parameters. These include demographics, diagnosis, disease location and behavior, age at diagnosis according to the Montreal classification, course of the disease, extraintestinal manifestations, complications, risk factors, pregnancy, surgical and conservative therapy, which were all recorded in the registry.\[[@ref13]\]

Patients {#sec2-2}
--------

All patients with CD, who had presented to gastroenterology clinics or endoscopy units in the period between September 2009 and April 2013, had been interviewed and their clinical charts were screened by their attending physicians in addition to a trained research assistant who documented the information and directly incorporated it in the registry. All patients' data had been updated on a regular basis (at every follow-up visit to the gastroenterology clinics). Given the inconsistency in reporting the features of the Montreal classification,\[[@ref14]\] 10% of the data in the registry was randomly checked and validated by the investigators.

Disease phenotype {#sec2-3}
-----------------

The Montreal classification was used to classify CD location \[terminal ileal (L1), colonic (L2), ileocolonic (L3), and upper gastrointestinal (GI) (L4)\] and disease behavior \[non-stricturing, non-penetrating (B1), stricturing (B2), and penetrating (B3)\].\[[@ref15]\] Subjects with both stricturing and penetrating disease were classified as having penetrating disease (B3). Perianal fistulizing disease alone did not constitute penetrating disease, but was recorded as a modifier of the disease behavior (p). The location (L) and behavior (B) of the disease were considered cumulatively until the time of the most recent clinical assessment, endoscopic, histopathologic, and radiologic investigations, and surgical notes.

The course of the disease was assessed at the first time of inclusion and classified as: Infrequent relapser, ≤1 relapse per year; frequent relapser, \>1 relapse per year; and chronic continuous activity, no remission throughout a year.\[[@ref16]\] Perianal disease and behavior change during follow-up were also registered.

Case definition {#sec2-4}
---------------

The diagnosis of CD (based on standard clinical, endoscopic, radiologic, and histological criteria) was reviewed thoroughly using the European Crohn\'s and Colitis Organization (ECCO) guidelines.\[[@ref17][@ref18]\] Only those CD patients who had undergone a full colonoscopy with ileal intubation and biopsy (when not precluded by stenosis) were included in the study.

All patients gave informed consent. The study was approved by the institutional review board (IRB) at King Khalid University Hospital, with a site-specific approval from each participating hospital.

Statistical analysis {#sec2-5}
--------------------

Descriptive statistics were computed for continuous variables, means, standard deviations, and minimum and maximum values; for categorical variables, the frequencies were used. Odds Ratios (ORs) and 95% Confidence Intervals (CIs) were estimated. We used STATA 11.2 (StataCorp, TX, USA) in our analysis. A *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-2}
=======

Patients {#sec2-6}
--------

Among 497 Saudi patients, 58.6% were males and 41.4% were females, with a male to female ratio of 10 to 7 and a mean age at diagnosis of 25 years (95% CI: 24-26, range 5-75 years). The majority of patients were diagnosed between the ages of 15 and 30 years \[[Figure 1](#F1){ref-type="fig"}\]. The mean duration from the time of the first complaint to the day of the diagnosis was 11 months and the mean duration of the disease from diagnosis to the day of registry was 40 months \[[Table 1](#T1){ref-type="table"}\]. There was a significant association between prolonged disease duration and stricturing disease behavior (*P* \< 0.008), but not with penetrating behavior (*P* \< 0.23). The distribution of the patients' age at diagnosis according to sex and Montreal behavior classification showed no significant difference.

![Age at diagnosis of patients with Crohn\'s disease](SJG-20-162-g001){#F1}

###### 

Baseline characteristics of CD patients

![](SJG-20-162-g002)

Twenty-eight patients (7%) (95% CI: 5-9) had a first-degree relative with CD, while eight patients (1.7%) (95% CI: 0.6-3) had a second-degree relative with CD. The mean C-reactive protein (CRP) level at data entry was 19.9 mg/L (95% CI: 16.3-23.6), with no significant association between the level of CRP and the disease behavior. Epithelioid cell granulomas (at least one found) were found in 22% of our patients (95% CI: 17.5-26). Forty-nine patients (9.9%) were active smokers, while 17 patients (3.4%) were ex-smokers. There was a significant association between smoking and penetrating disease behavior (*P* \< 0.02), but not with stricturing disease behavior (*P* \< 0.3).

Cutaneous involvement (mainly erythema nodosum and psoriasis) was observed in 5% of our patients (95% CI: 2.9-7.2), while ophthalmic manifestations (mainly episcleritis) were observed in 3.3% (95% CI: 1.4-5) and joint involvement was found in 15.5% (13.5% had arthralgia and 2% had arthritis). In addition, 2.3% of our patients (95% CI: 0.8-3.8) had developed deep venous thrombosis (DVT) and one patient had developed primary sclerosing cholangitis. There was a significant association between the activity of the disease and the frequency of the DVT (*P* \< 0.005).

Disease localization and behavior {#sec2-7}
---------------------------------

According to the Montreal classification, age at diagnosis was A2 (17-40 years of age) in 76.6% of our patients (95% CI: 72.5-80), A1 (≤16 years of age) in 16.8% (95% CI: 13-20), and A3 (\>40 years of age) in 6.6% (95% CI: 4-9) patients \[[Figure 2](#F2){ref-type="fig"}\].

![Age at diagnosis according to the Montreal classification](SJG-20-162-g003){#F2}

According to the Montreal classification of CD location, 48.8% of patients (95% CI: 43.8-53.6) had ileocolonic involvement, 43.5% (95% CI: 38.6-48.4) had limited disease to the terminal ileum, and 7.7% (95% CI: 5-10) had involvement of the colon only; in addition, 15.6% (95% CI: 12-19) had upper GI involvement \[[Figure 3](#F3){ref-type="fig"}\]. There was no significant difference in the disease behavior or location in relation to age at diagnosis.

![Location of the disease according to the Montreal classification](SJG-20-162-g004){#F3}

The disease behavior according to the Montreal classification was non-stricturing, non-penetrating in 41.8% of patients (95% CI: 37-46.6), stricturing in 32.8% (95% CI: 28.2-37.4), and penetrating in 25.4% patients (95% CI: 21.1-29.6) \[[Figure 4](#F4){ref-type="fig"}\]. Patients with stricturing behavior were found to have more granulomas when compared to those with penetrating or those without stricturing or penetrating behavior (*P* = 0.002).

![Behavior of the disease according to the Montreal classification](SJG-20-162-g005){#F4}

A significant association was found between terminal ileal involvement and stricturing disease (*P* \< 0.003), and between descending colon (*P* \< 0.001), sigmoid (*P* \< 0.005), and rectal disease (*P* \< 0.006) involvement and penetrating behavior.

Perianal disease was present in 31.7% of patients (95% CI: 27.2-36.2) and perianal fistula was seen in 14% of patients; 66% of them were simple compared to 33% who had complex fistula. Perianal fistula was significantly (*P* \< 0.003) found more in the A2 group (17-40 years of age) when compared to the A3 group (\>40 years of age), and there was a significant association between the perianal disease and colonic involvement (*P* \< 0.003).

The course of the disease upon the time of registration was as follows: 4% had chronic continuous activity (95% CI: 1.9-5.7), 18.5% had frequent relapses (95% CI: 14.7-22.4), and 77.7% had infrequent relapses (95% CI: 73.5-81.8). The disease course did not differ according to age or location of the disease (*P* values = 0.12 and 1.0, respectively), but patients with perianal fistulas were found to have an aggressive course when compared with those without (*P* \< 0.004).

One hundred and thirty-nine patients (28%) underwent surgery, 35.7% had ileocecal resection, 14.3% had right-sided hemicolectomy, 13.3% had ileocecal resection or right-sided hemicolectomy in addition to segmental resection, while the remaining 36.7% underwent other surgical resections. The most common indications for surgery were stricture (48.4%) and fistula (35.5%).

Medications {#sec2-8}
-----------

Nineteen percent (95% CI: 15-24) had never been exposed to steroid, 47% (95% CI: 42-53) had been exposed to steroid once, 17% (95% CI: 13-21) had been exposed to steroid twice, 8% (95% CI: 5-10) had been exposed three times, and 9% (95% CI: 6-12) had received steroid more than three times. Five percent of the patients (95 CI: 2.5-7.6) were steroid dependent, 11.5% (95% CI: 7.8-15.3) were refractory to steroid, while 83.4% (95% CI: 78.9-88) were steroid responsive. Seventy-six percent of patients were on 5-aminosalicylic acid (5-ASA; oral or local therapy), 60.2% were on azathioprine (299/497), given mainly for induction of remission (72.5%), while 1.4% were on methotrexate (7/497) and 32.2% were on biological therapy (160/497) (33.8% on adalimumab and 66.2% on infliximab).

DISCUSSION {#sec1-3}
==========

Two decades ago, CD was considered very rare in the Middle East; but many recent reports from different centers in Saudi Arabia and other Arab countries suggest a surge of CD incidence and prevalence in the region.\[[@ref7][@ref8][@ref9][@ref10][@ref11][@ref19][@ref20]\]

This study is the largest cohort and most comprehensive epidemiological study of CD in the Middle East, examining the clinical epidemiological data including CRP levels, age at diagnosis, duration of the disease, disease location, and behavior in 497 CD patients, according to the Montreal classification, in addition to a strict definition of CD based on the ECCO guidelines on CD definitions.\[[@ref21]\]

There was a male predominance of the disease in our study, which is consistent with previous reports from Saudi Arabia and many other studies from the Middle East region,\[[@ref7][@ref9][@ref11]\] although the difference was not as significant as reported in the Asian population.\[[@ref22][@ref23]\] In European and North American studies, the distribution of CD has consistently revealed a greater incidence in women than in men.\[[@ref24]\] It is noteworthy that the most recent reports of incident pediatric CD reveal a male predominance.\[[@ref3]\]

Age is an important predictor for CD, and a mean age of 25 years at diagnosis in our study is found to be less when compared to that reported in most of the studies published from Asia, Europe, and North America.\[[@ref25]\] Most of the studies from the same region have not reported the mean age at diagnosis; instead they reported the mean age at the time of inclusion in the study. Our data showed only one peak in the age of onset of CD, occurring between 15 and 30 years, which is consistent with recent data.\[[@ref26]\]

The short duration between the onset of symptoms and the diagnosis of CD (11 months), which is comparable with most of the recently published studies,\[[@ref27][@ref28]\] indicates the recent improvement of IBD awareness among both patients and physicians and the availability of diagnostic tests. A multicenter study from India has reported much longer median duration of symptoms prior to diagnosis (3 years) than what has been reported in most of the recent studies. The authors attributed this delay to the difficulty to differentiate from intestinal tuberculosis in India,\[[@ref29]\] which was not an important factor in our cohort. In three consecutive population-based IBD cohorts from Copenhagen, Denmark, Jess *et al*. showed the time from the onset of symptoms to the diagnosis of CD decreased (*P* \< 0.001) from 2.2 years in 1962-1987 to 0.7 years in 2003-2004.\[[@ref27]\] There was a significant association between the longer duration of the disease and the stricturing disease behavior, but not with the penetrating behavior in our cohort. Over 10 years of follow-up, Louis *et al*. found that 45.9% of patients had a change in disease behavior.\[[@ref30]\]

In population-based studies, approximately 5-10% of all affected individuals with IBD reported a positive family history,\[[@ref31]\] which is consistent with our findings (8.7%). The familial clustering appears to be less common in the Far East compared to the West.\[[@ref32]\]

Most of our CD patients had an elevated CRP level at the day of entry to the registry, with a mean of 19.9 mg/L, which correlates well with the disease activity.\[[@ref33]\] A study by Shine *et al*. showed an increased CRP was able to differentiate all IBD cases from patients with functional bowel disorders.\[[@ref34]\] Although the prevalence of active smokers was low in our cohort (10%) compared to that in the general Saudi population (17.5%), the prevalence of current smoking among young Saudis (university students) was lower than among the elderly (13.5% vs. 25%),\[[@ref35]\] which, in addition to quitting smoking due to their disease, might explain the low frequency of smoking among our CD patients. We found a significant association between active smoking and penetrating disease behavior, but not with stricturing disease behavior, a finding which is consistent with that of Louis *et al*.\'s study where they found that active smoking was associated with a penetrating pattern compared with a non-stricturing, non-penetrating pattern only.\[[@ref36]\]

In our study, the granulomas in biopsy specimens (22%) were consistent with most published studies and were more frequently seen in patients with stricturing behavior.\[[@ref37]\] A study from China demonstrated that granulomas were associated with a stricture-forming phenotype of CD.\[[@ref38]\]

Thirty-one percent of our patients were found to have or have had extraintestinal diseases. Similar to previously published studies, arthralgia/arthritis followed by erythema nodosum and episcleritis were the most prevalent extraintestinal manifestations.\[[@ref39]\]

In our study, thromboembolism occurred in CD patients at a rate of 2%, which is higher than that reported in the literature. Saleh *et al*. reported that the incidence of venous thromboembolism among the CD patients discharged from hospitals throughout the United States was 1.22%.\[[@ref40]\] Similarly, we found a significant association between the severity of the disease and the frequency of DVT in our patients, which is consistent with that reported in the literature.\[[@ref41]\]

According to the Montreal classification, the majority of our patients (76.6%) were A2 (17-40 years of age). Seventeen percent of our patients were younger than 17 years (A1), compared to about 2% in China and 8% in southern Europe. Similarly, the proportion of patients diagnosed at age \>40 years (A3) in our study was only 6.6%, compared to 19% in southern Europe and 25% in China.\[[@ref42][@ref43]\] One of the possible reasons is that most of our patients were relatively newly diagnosed; in addition, pediatric cases (below 13 years of age) were not enrolled.

According to the Montreal classification, the majority of our patients had ileocolonic involvement (48.8%), with only 7.7% confined to the colon, while most had a non-stricturing, non-penetrating disease behavior (41.8%). The distribution of location in CD is relatively stable and evenly distributed across the published literature.\[[@ref27]\] Whereas the anatomical location was mostly stable,\[[@ref44]\] the behavior of CD, according to the Montreal classification, substantially varied during the course of the disease.\[[@ref45][@ref46]\]

There was no significant difference in the disease behavior or location in relation to age at diagnosis, but there was a significant association between terminal ileal involvement and stricturing disease, and between descending colon, sigmoid, and rectal disease involvement and penetrating behavior. A positive association between disease location and behavior was found previously in the original description of the Vienna classification;\[[@ref47]\] in addition, Louis *et al*. found an association between isolated small bowel disease (L1) and stricturing disease (B2), and between colonic disease (L2) and penetrating behavior (B3).\[[@ref30]\]

Almost one-third of our cohort had or have perianal disease and 14% had or have fistulae, which is consistent with most of the published data from the western countries (20-30% and 15-20%, respectively).\[[@ref26][@ref48]\] We found a significant association between the perianal disease and colonic involvement, which was also found in other studies. In patients with CD in Olmsted County, Minnesota, the risk of perianal fistula in patients with colonic disease was twofold higher than in patients with ileal disease.\[[@ref49]\] In addition, we found that perianal fistula was significantly (*P* value 0.003) associated with A2 group (17-40 years) when compared to A3 group (\>40 years).

Most of our patients had infrequent relapses (77.7%), 18.5% had frequent relapses, and 3.8% had chronic continuous activity. In North America, after the first year of diagnosis, 10-30% of patients have an exacerbation, 15-25% have low activity, and 55-65% are in remission; 13-20% have a chronic active course of disease activity, 67-73% have a chronic intermittent course, and only 10-13% remain in remission for several years.\[[@ref50][@ref51]\]

Five percent of our patients were steroid dependent, 11.5% were refractory to steroid, while 83.4% were steroid responsive; in addition, 19% of our patients had never been exposed to steroid, 47% had been exposed to steroid once, 17% twice, 8% three times, and 9% had received steroid more than three times at the time of data entry to the registry. Among 196 Danish patients diagnosed with CD, after a median follow-up of 3.4 years, 56% had received at least one systemic steroid treatment course, 48% achieved clinical remission, 32% had partial clinical response, and 20% did not respond to corticosteroid therapy. At the end of follow-up, 44% had prolonged steroid response, 36% were steroid dependent, and 20% were steroid resistant,\[[@ref52]\] which is higher than the rate of steroid dependence (5.1%) reported in our cohort.

Seventy-six of our patients were on 5-ASA, 60.2% were on azathioprine (299/497), while 1.4% of them were on methotrexate (7/497). Thirty-two percent of our cohort was on biological therapy (160/497), 33.8% on adalimumab, and 66.2% was on infliximab, which is consistent with most of the reported studies.\[[@ref53]\]

Although this is not a population-based study, the advantage of this cross-sectional prospective study is the large number of patients with definite CD from four centers in an area, which was not known, until recently, to have this surge of IBD patients.

In conclusion, CD is frequently encountered in Saudi Arabia. The majority of CD patients were men and diagnosed at a younger age, and the disease resembled that of western societies in terms of age of onset, disease location, and behavior, based on the Montreal classification.
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